The antilipopolysaccharide antibody response in sera obtained from subjects involved in 10 outbreaks of shigellosis occurring in Israeli military field units was determined by an enzyme-linked immunosorbent assay and a passive hemagglutination test. Both tests were found to be sensitive and specific for the diagnosis of shigellosis. A significant antibody response was detected in 73 to 82% of the symptomatic and 48 to 60% of the asymptomatic subjects during the Shigella sonnei and Shigella flexneri outbreaks. Fifty percent of the symptomatic and none of the asymptomatic subjects showed a significant antibody response in the Shigella boydii outbreaks. An examination of the kinetics of the antibody levels over a 10-week period after the onset of disease revealed that immunoglobulin A (IgA) levels were highest 2 weeks after infection and had declined to initial levels within 2.5 months. In contrast, IgG levels at the late convalescent stage were half those measured at early convalescence, still being about twice as high as the initial titers. Although the IgM levels showed a pattern similar to that of IgA, their elevation at the early convalescent stage was less pronounced. We conclude that the detection of an increase in the level of the IgA fraction appeared to be the best indicator for recent symptomatic, as well as asymptomatic, infections due to Shigella organisms.
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The validity of epidemiologic studies of shigellosis, including vaccine trials, is dependent on the sensitivity and specificity of the laboratory methods used for the diagnosis of the disease. Isolation of the organisms from stool specimens provides a definite diagnosis of shigellosis. Under field conditions, however, both the technicalities of obtaining stool samples and their transport to the laboratory are problematical (10) , frequently resulting in a low yield of positive cultures. The serological response, therefore, may provide an additional or alternative means for achieving laboratory confirmation of shigellosis. In military or civilian populations under field conditions, laboratory confirmation of shigellosis is of paramount importance, especially for prophylactic intervention.
Several investigators have evaluated the serological response in patients with shigellosis due to different Shigella groups (1, 3, 9) . The kinetics of the immune response, which may be measured by passive hemagglutination (HA) and enzyme-linked immunosorbent assay (ELISA), differs among the various immunoglobulin fractions (3). In a previous study we showed that a proportion of the Israeli military population had high initial levels of anti-Shigella lipopolysaccharide (LPS) antibodies and that these have been associated with natural immunity to the disease (2). Such "primed" subjects may serologically respond differently from "nonprimed" individuals after exposure to Shigella organisms. It was of interest, therefore, to compare the diagnostic value and kinetics of the anti-LPS immune response by using the passive HA and ELISA serological tests in symptomatic and asymptomatic subjects involved in outbreaks of shigellosis in military field units.
(This study forms part of the Ph.D. thesis of Dani Cohen,
Outbreaks of diarrhea occurring in Israeli military units and from which Shigella organisms of the same serotype were isolated in at least 15% of the patients form the basis of this study, which was carried out in the summer of 1985. The study subjects were males and females between the ages of 18 and 22 years. Soldiers presenting during the outbreak at the unit clinic with complaints of diarrhea were defined as symptomatic subjects. An episode of diarrhea was defined as three loose stools in 24 h. Asymptomatic subjects were defined as soldiers who did not complain of diarrhea or related symptoms during the outbreak but who shared the same food supplies, sanitation, and other living facilities with symptomatic subjects. Data on the presence or absence of signs or symptoms, the date of onset, and a description of the feces were obtained from both symptomatic and asymptomatic subjects at the time of investigation and 10 to 14 days later.
Bacteriology. Fecal samples were obtained from both symptomatic and asymptomatic subjects by using rectal swabs moistened with sterile water. The swabs were immediately introduced into Stuart transport medium and brought to the laboratory within 2 to 3 h. Specimens were kept cool in polystyrene boxes until arrival at the laboratory. On receipt, cultures were made immediately on MacConkey agar and salmonella-shigella agar. Isolates were identified by routine morphological, biochemical, and serological testing and were serotyped at the Israel National Reference Laboratories. LPS There was an evident rise in the ELISA geometric mean titers and optical density values at a 1:100 dilution of sera between serum samples 1 (onset of outbreak) and 2 (10 to 14 days later) obtained from symptomatic and asymptomatic subjects and tested against the LPS from the epidemic agent. In contrast, the anti-Shigella LPS antibody levels in the first serum samples taken from healthy soldiers serving in a base not affected by Shigella outbreaks were similar to those of the second serum samples (Tables 2 and 3) . A representative distribution of the actual endpoint titers of paired serum specimens taken from symptomatic and asymptomatic subjects involved in outbreaks of shigellosis due to S. sonneé and from healthy controls is shown in Fig. 1 . The immune response to S. sonnei LPS appeared to be greater than that to S. flexneri LPS and S. boydii LPS. Using ELISA, we found that the highest antibody rise among the three immunoglobulin classes was that of IgA against S. sonnei LPS in both symptomatic and asymptomatic subjects (Tables 2 and  3 and Fig. 1 ).
The specificity of the serological response among Shigella species was tested by cross-reactions, using heterologous antigens. None of the 28 paired serum specimens from patients with positive cultures for S. sonnei and S. boydii showed a significant antibody rise when tested against S. flexneri and S. sonnei antigens, respectively, yielding a 100% specificity. Of the paired serum specimens obtained from 13 patients with positive cultures for S. flexneri, 15.4% showed a significant antibody rise against S. sonnei antigen, yielding a specificity of 84.6%.
Kinetics and magnitude of antibody response. An examination of the kinetics of the antibody levels over a 10-week period after the onset of disease revealed that IgA levels were highest 2 weeks after infection and had declined to initial levels within 2.5 months (Fig. 2) . In contrast, IgG levels at the late convalescent stage were half those measured at early convalescence, still being about twice as high as the initial titers. Although the IgM levels show a pattern similar to that of IgA, their elevation at the early convalescent stage is less pronounced (Fig. 2) . In a recent study we found that a part of the Israeli military population had high preexisting levels of IgG anti-S. sonnei LPS antibodies that were probably due to previous exposure to S. sonnei (2) . It has been shown that the magnitude of increase in antibody titer between the acute and convalescent stages of disease is a function of the antibody levels at the acute stage (7) . It was interesting, therefore, to see whether the increase in IgA and anti-LPS antibodies between the acute and convalescent stages would be more sensitive than that of IgG in such primed subjects reexposed to Shigella organisms. Indeed, when the data were further scrutinized by comparing the increase in the geometric mean titer of IgA and IgG anti-S. sonnei LPS antibodies in 37 primed subjects (showing antiShigella LPS IgG levels of -1:200), we found 10.5-and 6-fold increases, respectively. The increase in IgG was close to the accepted definition of a significant antibody rise (e.g., fourfold), while that of IgA was appreciably greater fourfold titer rise was the criterion for a significant antibody response for both HA and ELISA, HA detected more symptomatic and asymptomatic Shigella infections than did combined ELISA (Table 4) . Less It has been shown that ELISA has a lower sensitivity threshold for individual antibody titers than does HA (5). While this was indeed the experience in the present study, HA was more sensitive than ELISA in detecting fourfold changes in antibody levels between the acute and the convalescent stages of the disease. ELISA was, however, almost as sensitive as HA when a significant antibody rise was defined as the net increase in optical density readings. This may be especially important if IgA antibody levels are detected by ELISA in symptomatic and asymptomatic Shigella infections as discussed above.
